Follicular cystic ovary (FCO) is one of the most frequently diagnosed ovarian diseases and is a major cause of reproductive failure in mammalian species. However, the mechanism by which FCO is induced remains unclear. Genetic alterations which affect the functioning of many kinds of cells and/or tissues could be present in cystic ovaries. In this study, we performed a comparison analysis of gene expression in order to identify new molecules useful in discrimination of bovine FCO with follicular cystic follicles (FCFs). Normal follicles and FCFs were classified based on their sizes (5 to 10 mm and ≥25 mm). These follicles had granulosa cell layer and theca interna and the hormone 17β-estradiol (E2)/ progesterone (P4) ratio in follicles was greater than one. Perifollicular regions including follicles were used for the preparation of RNA or protein. Differentially expressed genes (DEG) that showed greater than a 2-fold change in expression were screened by the annealing control primer (ACP)-based PCR method using GeneFishing TM DEG kits in bovine normal follicles and FCFs. We identified two DEGs in the FCFs: ribosomal protein L15 (RPL15) and microtubule-associated protein 1B (MAP1B) based on BLAST searches of the NCBI GenBank. Consistent with the ACP analysis, semi-quantitative PCR data and Western blot analyses revealed an up-regulation of RPL15 and a down-regulation of MAP1B in FCFs. These results suggest that RPL15 and MAP1B may be involved in the regulation of pathological processes in bovine FCOs and may help to establish a bovine gene data-base for the discrimination of FCOs from normal ovaries.
INTRODUCTION
Follicular cystic ovary (FCO) is one of the most frequently diagnosed ovarian diseases and is a major cause of reproductive failure in mammalian species. FCO occurs when a mature follicle fails in ovulation due to disruption of the hypothalamus-anterior pituitary-ovary (HPO) axis by a variety of factors [1, 2] . In FCO, affected follicles show delayed regression with persistent follicle growth and secretion of steroid hormones. However, the mechanism by which FCO is induced remains unclear.
Genetic alteration affects the functioning of many kinds of cells and/or tissues [3, 4] . However, little is known about the genetic alterations that may be involved in FCO. A recent study reported that granulosa cells from persistent follicles of cattle showed altered gene expression compared with growing follicles [5] .
In this study, we performed a comparison analysis of gene expression using annealing control primer (ACP)-based GeneFishing PCR in order to identify new molecules useful in discrimination of bovine FCOs in ovaries with and without cystic follicles.
The ACP used in this study is composed of three parts. Its distinct 3'-and 5'-end portions are separated by a regulator, that specifically targets sequence hybridization to the template via a polydeoxyinosine linker. Base pairs formed by the universal base, inosine, of the polydeoxyinosine linker have a much lower melting temperature (Tm) than base pairs formed by the common bases, adenine, guanine, cytosine, and thymine. Thus, the regulator forms a 'bubble-like' structure at annealing temperatures and maximizes PCR specificity by preventing nonspecific binding of the primer to a template [6, 7] .
METHODS

Samples
Bovine ovaries at follicular phase were collected from a slaughterhouse and transported to the laboratory within 2 hrs on ice, either in RNAlater solution (Qiagen, GmbH, Hilden, Germany), in ice-cold phosphate buffered saline (PBS), or in 37 o C pre-warmed PBS containing 100 IU/ml of penicillin and 0.1 mg/ml streptomycin. Ovaries with (n=30) or without (n=40) follicles greater than 25 mm in diameter were used in this study. Ovaries with follicles greater than 25 mm in diameter in the absence of a corpus luteum in both the right and left ovaries were classified as FCOs. Follicular cysts were diagnosed based on macroscopic and endocrinological characteristics [8] . The follicular walls of the cysts were thin and translucent [9] . We observed healthy follicles (3 to 5 mm and 8 to 10 mm) in ovaries without follicles greater than 25 mm in diameter. All experiments were performed with the approval of the Animal Ethics Committee of Gyeongsang National University. Samples of perifollicular regions, including large follicles were cut with a razor blade and used for the preparation of RNA or protein. Follicular fluid (FF) was carefully aspirated from cystic and non-cystic healthy follicles with a 10 ml syringe fitted with an 18 or 23 gauge needle; the fluid was centrifuged at 1,750 × g for 10 min and stored at −20 o C until hormone measurement. 17β-estradiol (E2), progesterone (P4), and testosterone concentrations were measured in follicular fluid of each follicle, or, for small size follicles (3 to 5 mm) after pooling fluid from 10 individual follicles.
Assay for estrogen, progesterone, and testosterone
Concentrations of E2, P4, and testosterone in follicular fluid were measured using the Dissociation Enhanced Lanthanide Fluorescence Immunoassay system (DELFIA, PerkinElmer Life and Analytical Sciences, Wallac Oy, Truku, Finland) according to the manufacturer's protocol. Briefly, each strip was washed with DELFIA Platewash and 25 μl of E2 standards or follicular fluid samples were placed in the strip wells. Then, 100 μl of diluted E2 antiserum solution was added to each well and the frame was incubated for 30 min at room temperature with slow shaking. The 100 μl of diluted E2 (50：1) solution was then added to each well and the frame was incubated for 2 h at room temperature with slow shaking. After the incubation step, each strip was washed six times and enhancement solution (200 μl) was directly added to each well. The frame was slowly shaken for 5 min. Fluorescence was measured in a time-resolved fluorometer (Wallac 1420 VICTOR 2 D multicounter 1420, PerkinElmer) within 1 h after shaking. These experiments were performed in duplicate each time for both standards and follicular fluids. P4 and testosterone were also measured using the same protocols as for E2 measurement, except that trace dilution was performed before antiserum treatment.
Hematoxylin-eosin (HE) staining
The ovaries were washed in 0.1 M PBS, fixed with 4% (w/v) paraformaldehyde in 0.1 M PBS, and processed into paraffin sections cut 4 μm thick. In order to examine the physiological aspects of follicles and to confirm the presence of granulosa cells, the sections were processed for HE staining. Sections were air-dried on gelatin-coated slides, deparaffinized, washed with tap water for 5 min, immersed in hematoxylin for 5 min and checked for complete staining in tap water. Eosin staining was performed for 3 min. Sections were dehydrated through a graded series of alcohols (70% to 100% ethanol, 3 min each), cleared in xylene, and mounted with coverslips. Stained sections were photographed using a BX-51microscope (Olympus, Tokyo, Japan) and a high-resolution video camera (Camedia C-7070; Olympus, Tokyo, Japan). Five sections from each sample were evaluated.
Analysis of apoptosis
To observe apoptosis in bovine cystic ovaries, terminal deoxynucleotidyl transferase mediated dUTP nick-end labeling (TUNEL) analysis was performed using an in situ cell death detection kit (Roche Applied Science, GmbH, Penzberg, Germany). Paraffin-embedded ovary sections were deparaffinized and rehydrated, washed in PBS, treated with 3% H2O2 for 5 min to inactivate endogenous peroxidase, and incubated in permeabilization solution (0.5% Triton X-100 and 0.1% sodium citrate in PBS) for 30 min at room temperature. The slides were rinsed twice with PBS. Negative and positive controls were prepared. Negative controls were incubated in label solution without terminal transferase. Positive controls were incubated with recombinant DNase I (400 U/ml) for 60 min at 37 o C prior to incubation in TUNEL reaction mixture. Positive controls and samples were incubated in TUNEL reaction mixture for 60 min at 37 o C in a humidified atmosphere in the dark. After washing, samples were embedded with Antifad (Invitrogen, Carlsbad, CA, USA) and analyzed using confocal laser scanning microscope (IX70 Fluoview, Olympus, Tokyo, Japan).
ACP-based GeneFishing TM PCR
Total RNA extracted from bovine follicles was used for the synthesis of first-strand cDNAs by reverse transcriptase. Reverse transcription was performed for 1. Differentially expressed genes (DEG) were screened by the ACP-based PCR method [7] using GeneFishing TM DEG kits (Seegene, Seoul, Korea). Briefly, second-strand cDNA synthesis was performed at 50 The amplified PCR products were separated in 2% agarose gels and stained with ethidium bromide. Differentially expressed bands were extracted from the gel using the GENCLEAN Ⓡ II Kit (Q-BIO gene, Carlsbad, CA, USA) and directly sequenced using an ABI PRISM Ⓡ 3100 Genetic
Analyzer (Applied Biosystems, Foster City, CA, USA). The ACP primer system has a unique structure including a regulator composed of a polydeoxyinosine linker ( Fig. 1 ).
Reverse transcriptase polymerase chain reaction (RT-PCR)
The DEG expression level was confirmed by RT-PCR using each gene-specific primer pair. Specific primer sequences are listed in Table 1 . Total RNA was extracted from bovine follicles with Trizol reagent (Invitrogen) according to the manufacturer's instructions. First-strand cDNA was synthesized from the isolated follicular total RNA (3 μg) using oligo dT (SuperScript First-Strand Synthesis System, Invitrogen); it was subsequently used as a template for PCR amplification with Taq polymerase (Takara Bio Inc, Otsu, Shiga, Japan). The first-strand cDNA was quantified using a spectrophotometer (Nano- 
Western blot analysis
Bovine follicles were homogenized in lysis buffer (RIPA buffer, Cell Signaling Technology, Danvers, MA, USA; 20 mM Tris-HCl (pH 7.5), 150 mM NaCl/1 mM Na2EDTA, 1 mM EGTA, 1% NP-40, 1% sodium deoxycholate, 2.5 mM sodium pyrophosphate, 1 mM β-glycerophosphate, 1 mM Na3VO4, and 1 μg/ml leupeptin), incubated at 4 o C for 30 min, and centrifuged at 13,000 rpm (16,609 × g, Micro 17TR, Hanil, Korea) for 30 min at 4 o C. Total protein in supernatants was measured using the Bradford protein assay (Bio-Rad, Hercules, CA, USA). Supernatant protein (50-100 μg/lane) was separated by electrophoresis on 10% SDS-polyacrylamide gels and transferred to polyvinylidene fluoride (PVDF) membranes (0.45 μm, Millipore, Bedford, MA, USA) in a buffer solution (TBS; 25 mM Tris-base, 190 mM glycine, and 20% methanol) using a semi-dry blotter (Bio-Rad). The transferred blot was stained with Ponceau S solution to check for effective homogeneous transfer. Destained blots were blocked with 5% fat-free milk and 0.05% Tween 20 in TBS for 1 h and the membranes were immunoblotted with ribosomal protein L15 (RPL-15) polyclonal antibody (Abnova corporation, Taipei, Taiwan) and microtubuleassociated protein 1B (MAP1B) monoclonal (Chemicon international Inc., CA, USA) and polyclonal (Santa Cruz Biotechnology, Inc., CA, USA) antibodies at 1：1,000 dilution at 4 o C overnight. After binding of horseradish peroxidase (HRP)-conjugated goat anti-rabbit or goat anti-mouse secondary antibodies (1：3,000; Assay Designs, Ann Arbor, MI, USA) at room temperature for 1 h, antigens were detected by enhanced chemiluminescence (ECL Plus kit; ELPIS, Taejeon, Korea) according to the manufacturer's instructions.
Data analysis and statistics
LAS-4000 (Fujifilm Corp, Tokyo, Japan), a luminescent image analyzer, was used to capture images of agarose gels and Western blots. The bands obtained from RT-PCR and Western blotting were quantified using Sigma Gel image analysis software (version 1.0, Jandel Scientific, CA, USA) or Quantity One software (version 4.6.3) linked to a GS-800 calibrated densitometer (Bio-Rad). Relative mRNA and protein levels were determined by comparison with the amount of glyceraldehyde-3-phosphate dehydrogenase (GAPDH) and β-actin, respectively, present in each sample. Student's t-test was used with p＜0.05 as the criterion for significance. Data are presented as mean±SD.
RESULTS
Follicular cyst confirmation
The granulosa cell layers were examined in the FCOs used in this study. Based on histological examination, we found that granulosa cell layer were present in normal ova- ries and FCOs and theca interna was thinner than that in normal ovaries ( Fig. 2A and 2B ). Normal ovaries comprise 8 to 22 diverse granulosa cell layers (Fig. 2Aa to 2Ac) . TUNEL-positive cells were detected in the FCO, but they were few in number (Fig. 2C) . The TUNEL-positive cells were seen in the perifollicular area. Healthy follicles were classified based on their sizes (3 to 5 mm and 8 to 10 mm).
To identify the stages of the estrus cycle in bovine ovaries, the sex steroid hormone concentration was measured. The follicular fluid of FCO with follicles greater than 25 mm (≥25 mm) in diameter had higher E2 concentrations than did follicular fluid of normal ovaries with follicles 3 to 5 mm in diameter (12.6±9.0 versus 130.2±35.6). The E2/P4 ratio in follicles 3 to 5 mm, 8 to 10 mm, and ≥25 mm in diameter was greater than one ( Table 2 ), indicating that they came from ovaries in the follicular phase of the estrus cycle. Follicle size and E2 concentration were positively correlated.
Differentially expressed genes in the bovine follicular cystic follicles
To investigate DEGs in bovine follicular cystic follicles (FCFs), we compared the mRNA expression profiles of normal follicles and FCFs. The mRNA isolated from each type of follicles was analyzed using the ACP system. Genes that showed greater than a 2-fold change in expression were categorized as DEGs. Using a combination of 20 arbitrary primers composed of anchored oligo (dT) primers of the ACP-based GeneFishing PCR kit (Seegene), two DEGs were detected in the FCFs (Fig. 3A) . BLAST searches of the NCBI GenBank revealed that these DEGs exhibit marked similarities to RPL15 and MAP1B (Table 3 ). RPL15 mRNA expression was up-regulated in FCFs, whereas MAP1B was down-regulated (Fig. 3A, 3B , and Table 3 ). RPL-15 and MAP1B also showed an increase and a decrease, respectively, in granulosa cells derived from FCFs (data not shown).
Confirmation of RPL-15 and MAP1B by semi-quantitative PCR and Western blot analysis
The results of the ACP analysis were confirmed by semiquantitative RT-PCR. All PCR reactions were conducted in triplicate and normalized to GAPDH mRNA expression. Consistent with the ACP analysis, semi-quantitative PCR data revealed an up-regulation of RPL15 and a down-regulation of MAP1B in FCFs (Fig. 3C) . RPL15 was up-regulated by 18% (intensity: 93.9±6.2 versus 110.8±3.8) in bovine FCFs, while MAP1B was down-regulated by 45% (intensity: 120.0±4.3 versus 65.5±7.1). The differences in expression level between FCFs and normal follicles as determined by PCR were lower than those measured using the ACP system.
The observed mRNA expression differences do not necessarily reflect differences in protein levels. In order to measure changes in protein expression level in FCFs, Western blot analyses of normal and cystic bovine follicles were performed. In full agreement with the results of ACP and semi-quantitative RT-PCR, RPL15 and MAP1B proteins were found to be up-regulated and down-regulated, respectively, in FCFs (Fig. 4) . Both RPL15 and MAP1B showed positive correlation between mRNA and protein expression. However, we could not easily detect MAP1B protein in bovine ovaries using antibodies purchased from three different companies, despite multiple attempts (n=9), indicating that MAP1B is lowly expressed in bovine ovary.
DISCUSSION
This study reports for the first time that the expression levels of RPL15 and MAP1B differ in FCFs and normal bovine follicles. ACP analysis, semi-quantitative PCR, and Western blot analysis show fully consistent results of up-regulation of RPL15 and down-regulation of MAP1B in FCOs.
Bovine follicular cystic ovary
A follicular cyst, a fluid-filled sac usually found on the surface of an ovary, results from a follicle that grows without rupturing or that releases its oocyte due to dysfunction of hormonal signals. In the early stage of FCO, cystic follicles contain granulosa cells, which disappear later as the cystic stage progresses [10] . Apoptotic cells are more frequently seen in FCOs lacking a granulosa cell layer. The granulosa and theca interna cells of cystic follicles show weak proliferative activity and a low frequency of apoptosis, implying that the cystic follicle grows slowly and delays follicular regression [9] . Cystic follicles containing granulosa cells are distinguished by a high concentration of E2 and a low concentration of progesterone in their follicular fluids. However, these concentrations change dramatically in the absence of granulosa cells [11, 12] . Since E2 is produced by granulosa cells, elimination of these cells reduces the E2 concentration; E2 concentration therefore represents a check point for resolution of the stage of the cystic follicles [9, 12] . The FCOs used in this study showed granulosa cell layers, high concentrations of E2 in their follicular fluid, and no significant difference from normal ovaries with respect to apoptotic cells indicated by TUNEL staining. These observations confirm that the samples represent tissue in the early stages of FCO. Similar to the results of Isobe et al. (2005) , the concentration of testosterone in FCO follicular fluid was found to be lower than that in normal follicular fluid. Low concentrations of testosterone may result from the action of aromatase, which converts testosterone to E2. Changes in sex steroid hormones in FCOs could modulate cellular function independently or dependently of follicle-stimulating hormone and luteinizing hormone.
In FCOs, changes in sex steroid hormones, particularly high concentrations of E2, can result in genetic alterations.
E2 is an endogenous hormone involved in many important processes. When a ligand binds estrogen receptors, a conformational change is induced in the receptor that leads to dimerization, interaction with DNA by binding to estrogen responsive elements, and recruitment of various cofactors and transcription factors, finally resulting in transcription of the adjacent gene [13, 14] . The activation of estrogen receptors triggers the formation of numerous complexes with differing transcriptional efficacies.
Alteration in RPL15 and MAP1B expression in bovine follicular cystic follicles
The synthesis of ribosomal proteins is absolutely dependent on E2, and their half-lives are also markedly affected by the hormone [15] . E2 also stimulates the expression of cytoskeletal linker proteins [16] . The observed alterations in gene expression of RPL15 and MAP1B in the bovine cystic ovary could result from changes in the concentrations of sex steroid hormones. Based on the transcription element search system (TESS) software, both RPL15 and MAP1B have five predictive hormone response elements (HRE, four estrogen receptors and a P4 receptor) in their promoter regions. E2 and/or P4 are likely to modulate RPL15 and MAP1B expression directly via the HREs. In addition, estrogen receptor mediates transcription from the activator protein 1 (AP-1) enhancer sequence in bovine fetal uterine cells [17] . RPL15 and MAP1B have also AP-1 sequence. Therefore, they are likely to be modulated directly or indirectly by HRE or AP-1.
The ribosome consists of ribosomal RNA and ribosomal proteins and has the function of translating mRNA into a polypeptide chain. Specific ribosomal proteins have a variety of secondary functions in protein synthesis, DNA repair, cell proliferation, and apoptosis [18] [19] [20] [21] . In a swine ovarian follicle normalized library, 59 ribosomal proteins were identified [22] . In the bovine oocyte library, RPL15, a ribosomal protein that functions as a structural constituent of the ribosome, was identified [23] . Earlier reports have demonstrated by RT-PCR, Northern blot analysis, and Western blot analysis that RPL15 is up-regulated in human esophageal and gastric cancers [18, 19] . Overexpression of RPL15 increases the proliferation of gastric cancer cells in both in vitro and in vivo assays [19] . These data suggest that, due to its differential expression in cancer cells, RPL15 could potentially be used as a marker for the diagnosis of esophageal and gastric cancers. RPL15 expression also changes during bovine meiotic maturation and embryogenesis; its mRNA decreases during meiotic maturation and increases in morula and blastocyst stage embryos during embryogenesis [24] . Based on previous studies, the up-regulation of RPL-15 observed in bovine FCOs is likely to be responsible for the observed delayed regression with persistent follicle growth.
MAP1B is a major neuronal cytoskeleton protein that interacts with microtubules of the cellular cytoskeleton [25] [26] [27] ; it is strongly expressed in the developing nervous system [28] . MAP1B is critically important in the localization of specific RNAs, in the maintenance of cell shape, and in other cellular functions. The cytoskeleton is also involved in transporting mRNA from feed cells into oocyte cytoplasm [29] . The microtubular array is critical for oocyte determination, suggesting that its disruption might disrupt selective RNA transport, causing all RNAs to be transported into feed cells.
Overexpression of full-length MAP1B accelerates neuronal cell death in certain neurodegenerative disorders related to cytoskeletal abnormalities [30] . In contrast, downregulation of MAP1B can induce pathological conditions due to changes in the microtubular system, and the increases in expression of MAP1B and factors that trigger the formation of a microtubular system facilitate the protective effect [31] . Abnormalities and changes in the cytoskeleton have been shown to impair the developmental competence of oocytes [32] . The exchange of developmental signals in the appropriate direction results from the movement of organelles and RNA between feed cells and oocytes, a process that is regulated by the cytoskeleton. Changes in cytoskeletal protein expression may cause failure of ovulation. Based on these findings, it seems likely that the down-regulation of MAP1B could affect gene localization and transport, resulting in delayed and weak proliferative activity and retardation of normal follicle development. The apparent low expression of MAP1B proteins in FCOs may reflect the modification of translational control mechanisms; alternatively, or in addition, it might result from the use of antibodies with low sensitivity.
One of the limitations of this study is the low sensitivity of detection of MAP1B protein in the bovine ovary. MAP1B was identified as an integral membrane glycoprotein in vesicles and the plasma membrane of neurons [33] . The technique for preparation of membrane proteins in vesicles from other tissues should be optimized so that further information can be obtained about MAP1B protein. Another limitation is the use of paraffin blocks of cystic ovaries, since cysts ≥25 mm in diameter are associated with large fluid-filled sacs on the surface of an ovary. Therefore, histological examination of normal and FCOs (Fig. 2) in our study provides incomplete information on the diverse granulose cell layers. At this point, we can explain only our observation that granulosa cell layers are present in ovaries and the estrus cycle is in the follicular phase. Further studies are needed to identify the relationship between granulosa cells and the E2 concentrations in FCOs, and whether and how E2 and P4 regulate gene expression.
This study provides a foundation for the development of diagnostic markers for use in comparing FCOs and normal ovaries and for helping to establish a bovine FCO gene database to broaden our understanding of the pathogenesis of FCO. In addition, these results could also help understanding human FCO because the female bovine reproductive tract shares many similarities to the human reproductive tract [34] . It seems likely that the changes in RPL15 and MAP1B expression that were observed in this study are partially responsible for the formation and pathological progression of follicular cysts.
